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Effect of immunosuppressive drugs on kidney function among kidney 




Background: Immunosuppressive drugs (ISDs) are referred to agent that can suppress or 
prevent the immune response. ISDs are used to prevent rejection of a transplanted organ 
and to treat autoimmune diseases. A common side-effect of many ISDs is 
immunodeficiency, because the majority of them act non-selectively, resulting in increased 
susceptibility to infections and decreased cancer immuno surveillance. There are also other 
side-effects, such as hypertension, dyslipidemia, hyperglycemia, peptic ulcers, moon face, 
liver and kidney injury.  
 
Aim: To study effect of ISDs on kidney function among a group of kidney transplanted 
patients in Gaza Strip. 
 
Materials and methods: The experimental sample size was 65 patients aged over 18 
from AL-shifa hospital who had gone on ISDs. The control sample was 65 healthy persons 
who had not gone on ISDs therapies before and matched the experimental sample in age, 
sex and residence. Data were obtained from questionnaire interview. About 6 ml blood 
were collected from each patient and random urine samples was collected from patients for 
the determination of microalbumin, the same samples were collected from controls. 
 
Results: The Patients who had taken Cyclosporine e were 72.3%, whereas patients who 
had taken tacrolimus were 27.7%. Patients above the normal level of Cyclosporine e were 
87.2%. The main self repeated complications, blood pressure (BP), diabetes mellitus (DM), 
peptic ulcer and fever were 63.1%, 16.9%, 9.2% and 3.1% respectively. Body Mass Index 
(BMI) showed no statistical significant between different groups (X2=0.785, P=0.675), 




significantly increased in patients compared to controls (51.2±28.0 vs. 33.0± 6.4 mg/dl, 
p=0.000). Similar trend was found for uric acid (5.77±1.3 vs. 4.86±1.3 mg/dl, p=0.000). 
Also similar trend was found for creatinine (1.59±0.89 vs. 0.97±0.182 mg/dl, p=0.000). 
Sodium (Na) concentration was significantly decreased in patients compared to controls 
(138.07±4.34 vs. 140± 3.04 mEq/L, p=0.000). Similar trend was found for potassium (K) 
(4.07±0.48 vs. 4.24±0.45 mEq/L, p=0.040). There were no significant difference with 
chloride (Cl) concentration among patients and controls (95.67±13.19 vs. 96.83±3 mEq/L, 
p=0.499). Serum leptin was increased in patients compared to control mean (9.37±11.72 vs. 
7.41±9.45 ng/ml, p=0.000). Serum microalbumin was highly increased in patient mean 
level compared to control mean (64.2±42.7 vs. 15.16±15.75 mg/dl, p=0.000). Glomerular 
filtration rate (GFR) was decreased in patient mean compared to control mean ± SD 
(57.53±18.90 vs. 86.36±14.78 mL/min/1.73 m2, p=0.000). The correlation test showed 
positive significant relation between leptin level and BMI (R=0.458, p=0.000). However no 
significant relation was found between leptin level and age and duration of transplantation 
(R=0.024, p=0.785 and R=0.100, p=0.430). The spearman test showed negative significant 
relation between leptin level and GFR (R=-0.223, p=0.011). Serum leptin was increased in 
females compared to males mean ± SD (15.6±12.6 vs. 5.18±7.75 ng/ml, p=0.000). 
Comparison between effect of Cyclosporine e and tacrolimus, points out that urea, uric 
acid, creatinin and microalbumin concentration were significantly increased in patients who 
had taken Cyclosporine e compared to patients who had taken tacrolimus (57.18, 5.99, 1.74 
and 71.49 vs. 35.66, 5.99, 1.72 and 44.0 mg/dl) respectively (p=0.005, p=0.036, p=0.049 
and p=0.017) respectively. And the mean of GFR were significantly decreased in patients 
who had taken Cyclosporine e compared to patients who had taken tacrolimus (t=-2.54, 
p=0.014). 
 








ص الدراسةستخلم  
 
فى قطاع غزة لدى مرضى زراعة الكلى على الكلية خافضة للمناعة ةأدوي تأثير  
 
مهاجمة  تقللتهاجم بعض مراكز المناعة للجسم حتى  أدويةاألدوية الخافضة للمناعة هى : مقدمة
يتقبل  الكبد حتى أومثل زراعة الكلية  األعضاءحاالت زراعة  فيوتستخدم , الجسم لألجسام الغريبة
 عالج  فيوكذلك تستخدم . من جهاز المناعة دفاعيالجسم المضيف للعضو المنقول بأقل تأثير 
 (.مثل الذئبة الحمراء)خلل المناعة الذاتية  أمراض
ارتفاع , ارتفاع ضغط الدم, الجانبية مثل خلل وظائف الكلية األعراضكثير من  األدويةولكن لهذه 
 .الجسم في األمالحتوازن  واختالل الوزنزيادة الدهون زيادة , سكر الدم
 
 .قطاع غزة فيزراعة الكلى  مرضىلدى  الكلى للمناعة علىدوية خافضة أدراسة تأثير : الهدف
 
و يخضعون للعالج باألدوية  كليةشخصا أجرى لهم زراعة  56استهدفت الدراسة : الطرق واألدوات
ن لعالجات خافضة للمناعة كمجموعة ال يخضعو وشخصا من األصحاء  56و , الخافضة للمناعة
 سنة ومتوسط عمر المرضى هو 50.06±5... و كان متوسط عمر العينة الضابطة هو ,ضابطة
وتم الحصول على البيانات المستخدمة عن طريق المقابلة المباشرة مع الفئة  ,سنة 5..1±50...
والكرياتينين  البوليك حامضوالمستهدفة وتم الحصول على عينات الدم لدراسة مستوى اليوريا 
 .و عينة بول لدراسة مستوى الميكروألبيومين, والليبتين واألمالح
 
الرجال أكثر عرضة لإلصابة  أنمراض الكلى لها عالقة بالجنس حيث أن أأوضحت النتائج : النتائج
غلبية المرضى يتناولون عقار أن أ و. وذلك ألسباب هرمونية, بأمراض الكلى من النساء
وغالبية المرضى %(. 1.1.)والنسبة األقل تتناول عقار التاكروليموز  ,%(7..1)سبورين السيكلو
ولم . أضرارامستويات عالية تسبب  إلىالدم  فيعقار السيكلوسبورين ترتفع نسبته  ونالذين يتناول
تظهر النتائج عالقة بين األدوية الخافضة للمناعة وزيادة مؤشر كتلة الجسم وذلك على عكس 
 والسكرييعانى منها المرضى ارتفاع ضغط الدم  التيالمضاعفات  أهمومن , سات األخرىالدرا
 .من ارتفاع حرارة الجسم قليلة عانتالمعدة وحاالت  قرحةوزيادة 
 
من  إحصائيةالمرضى بفروق ذات داللة  في أعلىوالكرياتنين  حامض البوليكووكان مستوى اليوريا 
الخافضة  األدويةعند المرضى بسبب  الكلوية مؤشرات الفشل مما يعنى زياد, المجموعة الضابطة
 إحصائيةوكذلك ارتفاع مستويات الميكروألبيومين والليبتين عند المرضى بفروق ذات داللة , للمناعة
الجسم مثل نقص  أمالح فيالنتائج وجود عدم توازن  أظهرتوكذلك , مقارنة بالمجموعة الضابطة
 في الرشح الكلوىوأيضا قل معدل  ,ارنة بالمجموعة الضابطةالصوديوم ونقص البوتاسيوم مق
 . المرضى
و زيادة معدل الليبتين عند  ,وجود عالقة طرديه بين مستوى الليبتين ومؤشر الكتلة للجسم لوحظو
عالقة عكسية بين الليبتين ومعدل لوحظ هناك  و,إحصائيةمن الرجال بفروق ذات داللة  أكثرالنساء 




حيث كانت نتائج , لعقار التاكروليموز مقارنة بعقار السيكلوسبورين أفضلوأظهرت النتائج معطيات 
للمرضى الذين يتناولون السيكلوسبورين  أعلىوالكرياتنين و الميكروألبيومين  بوليكاليوريا وحامض ال
 الرشح الكلوىوكان معدل , المرضى الذين يتناولون التاكروليموزقارنة بم إحصائيةداللة  بفروق ذات
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 Immunosuppressive drug (ISDs) an agent that can suppress or prevent the immune 
response. Immunosuppressants are used to prevent rejection of a transplanted organ and to 
treat autoimmune diseases (MedicineNet, Inc, 2012). For example, rheumatoid arthritis, 
myasthenia gravis, systemic lupus erythematosus and treatment of some other non-
autoimmune inflammatory diseases (e.g. long term Asthma control). (Rathee et al., 2012). 
 Immunosuppressive drugs can be classified into five groups: glucocorticoids, cytostatics, 
antibodies, drugs acting on immunophilins and other drugs (Rathee et al., 2012). 
 
A common side-effect of ISD is immunodeficiency, because the majority of them 
act non-selectively, resulting in increased susceptibility to infections and decreased cancer 
immunosurveillance. There are also other side-effects, such as hypertension, dyslipidemia, 
hyperglycemia, peptic ulcers, moon face, liver and kidney injury. The immunosuppressive 
drugs also interact with other medicines and affect their metabolism and action (Pancreas-
Kidney Transplantation, 2013).  
 
Cyclosporine A, tacrolimus and glococorticoid (GCs) are the most frequent ISDs 
used to treated patients who received kidney transplant in Gaza Strip. They have many 
effects on kidney function, Patients treated with the calcineurin inhibitors Cyclosporine e 
and tacrolimus are at high risk of developing renal injury (Burdmann et al., 2003). Renal 
tubular dysfunction such as renal magnesium wasting, calcium and phosphate wasting, 
distal tubular acidosis, and impaired renal potassium excretion, (Lee and Kim, 2007) and 
induces a diabetic state (Cosio et al., 2002). 
 
Kidney transplantation is the treatment of choice for most patients with end-stage 




population with a functioning kidney transplant, a figure which has increased throughout 
the 1990s. The transplant rate is around 30 pmp and 30% to 40% of transplanted organs 
come from living donors (Mathew et al., 2001). Transplant outcome is influenced by many 
factors. In the absence of effective immunosuppression, transplanted organs undergo 
progressive immune mediated injury (rejection) (Hong and Kahan, 2000). There is many 
indicator alert physicians to possibility of rejection, Creatinine, urea, uric acid and 
electrolytes are makers for routine analysis in kidney disease (Gowda et al., 2010), 
Microalbuminuric patients were characterized by higher frequency of acute rejection 
(Reichel et al., 2004). GFR is the best overall measurement of kidney function, (Stevens 
and Levey, 2006), and observed a positive correlation between serum leptin and BMI in 
patients of end-stage renal disease (Kaur et al., 2012). 
 
Leptin was originally identified the gene defect responsible for the obesity syndrome 
in mice discovered in 1994 (Douchi et al., 2002). It is a 167-amino acid protein hormone 
with important effects in regulating body weight, metabolism and reproductive function 
(Cnop et al., 2002). As a small peptide, leptin is cleared principally by the kidney. Serum 
leptin concentrations are increased in patients with chronic renal failure and those 
undergoing maintenance dialysis (Wolf et al., 2002). 
 
1.2 General objectives 
 
To study the effects of ISDs on kidney function among a group of kidney transplanted 
patients in Gaza Strip. 
 
1.3 Specific objectives 
 
1. To identify complications and BMI associate among patients. 
2. To determine serum level of creatinine, urea, uric acid associates among patients. 
3. To determine level of urinary microalbumin and GFR associate among patients. 
4. To determine level of sodium, potassium and chloride associate among patients. 




6. To assess the correlation of leptin with age, sex, gender, duration of transplantation and 
GFR. 






 This study is carried out for the first time among kidney transplanted patients in Gaza 
Strip.  
 Monitoring kidney function and Cyclosporine A level alert physicians to possibility of 
rejection so they could take corrective measure to prevent or delay the processes of 
rejection. 
 Studying side effects of ISDs in order to help patients in the treatment.  


































2.1 Definition of immunosuppressive drugs 
  
ISD is an agent that can suppress or prevent the immune response. Immunosuppressants are 
used to prevent rejection of a transplanted organ and to treat autoimmune diseases 
(MedicineNet, Inc, 2013).  
  
2.2 The purposes of immunosuppressive drugs 
 
ISDs are used in immunosuppressive therapy to treatment of autoimmune diseases or 
diseases that are most likely of autoimmune origin (e.g. rheumatoid arthritis, myasthenia 
gravis, systemic lupus erythematosus) and treatment of some other non-autoimmune 
inflammatory diseases (eg. long term Allergic Asthma control) (Rathee et al., 2012). 
Currently, immunosuppressive drugs are used for three purposes (in transplantation): 
Induction therapy: It is used to suppress the immune system approximately two weeks 
pretransplantation to reduce the incidence of immediate rejection of the graft (Coico and 
Sunshine, 2009). 
Maintenance therapy: In order to ensure that the immune system is kept at bay to facilitate 
graft survival over time, combinations of synergistic ISDs are used to interfere with specific 
immune mechanisms (such as T-cell activation). Typically, doses of ISDs used in 
maintenance therapy are lower than in induction therapy to allow the immune system to 
function and to minimize the incidence of opportunistic infections (Coico and Sunshine, 
2009). 
Specific treatments: In some cases, episodes of acute rejection may occur months or years 
after transplantation. ISDs are used in these situations, typically at dose levels similar to 
those used in induction therapy regimens (Coico and Sunshine, 2009). 
 
2.3 Types and mechanisms of immunosuppressive drugs  





Glucocorticoids (GCs) constitute a well-characterized class of steroid hormones that are 
produced by the adrenal glands. The name GC derives from their role in the regulation of 
glucose metabolism (‘gluco-‘), their synthesis in the adrenal cortex (‘-cortic-‘) and their 
steroidal structure (‘-oid’). They were first used clinically as anti-inflammatory drugs in the 
treatment of rheumatoid arthritis patients (Hench et al., 1950). 
GCs are among the most powerful naturally-occurring modulators of the immune 
response and have profound effects at most levels and on most components. As lipid-
soluble molecules, steroids gain entry into cells by diffusion through the plasma membrane 
where they bind to their receptors in the cytoplasm. The steroid—receptor complex 
translocates to the nucleus where it binds promoter regions of steroid-responsive series 
(Mall et al., 2006). 
GCs suppress the cell-mediated immunity. They act by inhibiting genes that code 
for the cytokines Interleukin 1 (IL-1), IL-2, IL-3, IL-4, IL-5, IL-6, IL-8, and TNF-γ, the 
most important of which is IL-2. Smaller cytokine production reduces the T cell 
proliferation. GCs also suppress the humoral immunity, causing B cells to express smaller 
amounts of IL-2 and IL-2 receptors. This diminishes both B cell clone expansion and 
antibody synthesis (Rathee et al., 2012). 
GCs are the most widely used anti-inflammatory and immunomodulatory agents, 
whose mechanism of action is based mainly on interference with the activity of 
transcription factors, such as nuclear factor κB (NF-κB) and activator protein-1 ( Bosscher 
et al., 2000). 
Examples of GCs:  Hydrocortisone (Cortisol), Betamethasone, Dexamethasone, 
Flumethasone, Isoflupredone, Methylpred-nisolone, Prednisolone, Prednisone, 







Figure 2.1 Chemical structure of cortisol, a glucocorticoid (Leung et al., 1997) 
 
2.3.2 Cytostatics 
Cytostatics are drugs used to block the growth of cancer cells. They achieve this by 
influencing cell metabolism during the cell cycle so that cell division and cell reproduction 
is inhibited ( Eitel et al., 2000). Cytostatics inhibit cell division. In immunotherapy, they are 
used in smaller doses than when used to treatment malignant diseases. They affect both T 
and B cell proliferation (Guo G., 2012). 
 
Types of Cytostatics: 
 
2.3.2.1 Alkylating agents: These substances introduce chemical groups into DNA and, as a 
result, interfere with cell proliferation. In high doses, cyclophosphamide is a powerful 
immunosuppressant (KImbal, 1990). 
 
2.3.2.2 Antimetabolites: Antimetabolites are cytotoxic agents that inhibit the functioning 
of key enzymes involved in DNA synthesis, and can be incorporated into DNA and RNA to 
cause strand breaks or premature chain termination. These compounds are able to exert 
their lethal effect at a molecular level by displaying structural similarity to naturally 
occurring purines and pyrimidines (Trigg and Flanigan 2011). There are main categories of 






Folate is essential to DNA synthesis, DNA repair, DNA methylation, and to act as a 
cofactor where folate is utilized. Therefore, antifolates are effective at impairing the ability 
of cells to rapidly divide and grow. Examples of antifolates include methotrexate (MTX). 
MTX competitively and irreversibly inhibits the enzyme DHFR that is instrumental to 
tetrahydrofolate synthesis from dihydrofolate. MTX inhibits the synthesis of DNA, RNA, 
thymidylates and proteins through this inhibitory effect which is observable during the S 
phase of the cell cycle (Trigg and Flanigan, 2011). 
Purine analog  
Mercaptopurine ribonucleotide is a purine analog that functions to inhibit purine nucleotide 
synthesis and metabolism. This process alters the synthesis and function of RNA and DNA. 
Mercaptopurine interferes with nucleotide interconversion and glycoprotein synthesis 
(Trigg and Flanigan, 2011).  
Pyrimidine analogues  
Gemcitabine is a drug belonging to the pyrimidine analogues. Intracellular metabolism of 
this drug by nucleoside kinases produces the active diphosphate and triphosphate 
nucleosides which are responsible for the cytotoxic effect of gemcitabine on DNA 
synthesis. The inhibitory effect of gemcitabine arises from the diphosphate analog binding 
irreversibly to the active site of ribonucleotide reductase (RNR), which is responsible for 
catalyzing the reactions that generate the deoxynucleoside triphosphates for DNA 
synthesis. As a result of the inability to replicate deoxyribonucleotides for DNA synthesis 
the cell undergoes apoptosis. Another mechanism of action of gemcitabine is to arrest cell 
growth as a result of the triphosphate analog substituting cytidine during DNA replication. 
The inability to add new nucleosides also results in apoptosis. Similar to gemcitabine, 






 2.3.3 Antibodies 
Antibodies are sometimes used as a quick and potent immunosuppressive therapy to 
prevent the acute rejection reactions as well as a targeted treatment of lymphoproliferative 
or autoimmune disorders (e.g., anti-CD20 monoclonals) (Rathee et al., 2012). 
2.3.3.1 Polyclonal antibodies 
Polyclonal antithymocyte globulin is produced by immunizing horses or rabbits with 
human lymphoid cells, harvesting the IgG, and absorbing out toxic antibodies (e.g., those 
against platelets and erythrocytes) (Smak Gregoor et al., 2002). 
These antibodies result in direct lymphocyte depletion due to complement-mediated 
opsonization or Fas-dependent apoptosis. Profound, prolonged lymphopenia can result 
from the use of these agents. These polyclonal agents eliminate preactivated uncirculating 
memory lymphocytes. In general, they are very nonspecific immunosuppressive agents 
because these preparations contain antibodies to a wide variety of T- and B-cell antigens, 
NK surface antigens, adhesion and co-stimulatory molecules, and class I and II MHC 
antigens (Norman and Turka, 2001). 
2.3.3.2 Monoclonal antibodies 
An antibody produced by a single clone of cells. A monoclonal antibody is therefore a 
single pure type of antibody (Medicine Net, Inc, 2012).  Monoclonal antibodies are directed 
towards exactly defined antigens. Therefore, they cause fewer side-effects. Especially 
significant are the IL-2 receptor- (CD25-) and CD3-directed antibodies (Philip, 2004). 
 T-cell receptor directed antibodies 
Muromonab-CD3, a mouse monoclonal antibody against CD3, has been used for 20 years 
to treat rejection and for induction. Muromonab-CD3 binds to T-cell-receptor–associated 




functionally altering T cells. Humans can make neutralizing antibodies against 
muromonab-CD3 that terminate its effect and limit its reuse (Norman et al., 1993). 
Anti-interleukin 2 Receptor Monoclonal Antibodies 
Anti-interleukin 2 receptor monoclonal antibodies acts by binding to a chain of the 
interleukin-2 receptors on activated T lymphocytes and render them unresponsive to 
interleukin-2, thereby preventing interleukin-2 induced clonal expansion of activated T 
lymphocytes. Anti-interleukin 2 monoclonal antibodies are used in the induction phase after 
renal transplantation (Vincenti et al., 1998). Antiinterleukin 2 receptor monoclonal 
antibodies are very well tolerated with virtually no side effects. The use of these antibodies 
has recently been extended to heart transplant patients (Beniaminovitz et al., 2000). 
Daclizumab is humanized monoclonal antibodies, directed against the α-chains of the 
CD25 molecule, a key unit of the IL-2 receptor. IL-2 has a central role in regulating T-cell 
activation, differentiation, and apoptosis. Accordingly, anti-CD25 antibodies inhibit IL-2 
induced T-cell proliferation. IL-2 also regulates elimination of activated T cells by 
regulating the interaction between the Fas ligand and the Fas receptor (activation-induced 
cell death) (Baan et al., 2003). 
2.3.4 Drugs acting on immunophilins 
2.3.4.1 Cyclosporine A 
 
CsA is an ineffective antimicrobial antibiotic isolated from Tolypo-cladium inflatum. The 
structure of CsA is that of a cyclic peptide of 12 amino acids (Figure 2.2), some of which 
are rarely encountered in biologic sources. By 1976 this antibiotic was found to have potent 






Figure 2.2 Chemical structure of Cyclosporine A  (Barret, 1988).  
CsA binds an intracellular receptor termed cyclophilin. The CsA-cyclophilin 
complex inhibits calcineurin, (Liu et al., 1991) , that inhibition of the phosphatase activity 
of this enzyme prevents the transiocation across the nuclear, membrane of the cytoplasmic 
subunit of the nuclear factor of activated T cells (NF-AT), a transcription factor essential 
for the transcription of the interleukin 2 (IL-2) gene (Robert, 1993). 
2.3.4.2 Tacrolimus 
Tacrolimus (trade name Prograf) is a macrolide immunosuppressant that has been shown to 
be safe and effective for the prevention of rejection after liver and kidney transplantation 
(Fitzsimmons et al., 1998). 
Tacrolimus engages another immunophilin, FK506-binding protein 12 (FKBP12), 
to create a complex that inhibits calcineurin (Philip, 2004). Tacrolimus resembles CsA in 
that it can result in nephrotoxistrip and the hemolytic–uremic syndrome, but it is less likely 
to cause hyperlipidemia, hypertension, and cosmetic problems and more likely to induce 




While tacrolimus binds to a different intracellular protein (FKBP-12) compared to 
CsA, it has the same mechanism of action of CsA, is more potent than Cyclosporine e and 
is associated with less pronounced side effects compared to Cyclosporine e (Guo, 2012). 
2.3.5 Other drugs 
Many other agents are used to interfere with secondary signaling, and may therefore aid in 
tolerance induction (Gummert, 1999). 
2.3.5.1 Interferons 
IFN-β suppresses the production of Th1 cytokines and the activation of monocytes. It is 
used to slow down the progression of multiple sclerosis. IFN-γ is able to trigger 
lymphocytic apoptosis (Guo, 2012). 
2.3.5.2 Opioids 
Opioids have been used for thousands of years for the treatment of pain (Trescot et al., 
2008). Prolonged use of opioids may cause immunosuppression of both innate and adaptive 
immunity Decrease in proliferation as well as immune function has been observed in 
macrophages, as well as lymphocytes. It is thought that these effects are mediated by opioid 
receptors expressed on the surface of these immune cells (Roy and Loh, 1996). 
2.3.5.3 Small biological agents 
Fingolimod is a new synthetic immunosuppressant, currently in phase 3 of clinical trials. It 
increases the expression or changes the function of certain adhesion molecules (α4/β7 
integrin) in lymphocytes, so they accumulate in the lymphatic tissue (lymphatic nodes) and 
their number in the circulation is diminished. In this respect, it differs from all other known 







Figure 2.3 Individual immunosuppressive drugs and sites of action (Philip, 2004).  
 
2.4 Side effect of Immunosuppressive Drugs 
2.4.1 Side effect of Glucocorticoids 
GCs are the most common cause of drug-induced diabetes mellitus (Bressler and De 
Fronzo, 1994). Not everyone treated with GCs develops diabetes, however. Predictors of 
development of diabetes are age, weight, family history of diabetes mellitus, or a personal 
history of gestational diabetes (Dace and Trence, 2003). 
Bone loss resulting in fractures is the most incapacitating problem of longterm GCs 
therapy (Dequecker and Westhovens, 1995). It is suspected that long-term steroid therapy 
may cause exacerbate osteoporosis and lead to excess fractures in up to 50% of patients  
(Adami et al., 1991). 
High-dose GCs are well recognized to increase the risk of infectious complications 
(McDonough et al., 2008). GCs therapy reduces serum sex hormone levels due to its effect 




GCs are associated with renal system side effects including Nephrocalcinosis; 
nephrolithiasis; uricosuria; euphoria (emotional lability), insomnia and psychosis (Longui, 
2007). GCs can increase potassium and calcium excretion; sodium and chloride 
reabsorption and extracellular fluid volume. Hypokalemia and/or hypocalcemia occur 
rarely (Susan et al., 2003). 
The use of systemic GCs is associated with gastrointestinal side effects including 
gastritis, peptic ulceration, and gastrointestinal hemorrhage. Although GCs have been 
shown to increase the risk of peptic ulceration and gastrointestinal bleeding, the shown 
effect could in part due to concomitant use of non-steroidal anti-inflammatory drugs 
(Gabriel et al., 1991). 
Serum lipids may increase during GCs therapy. The mechanism behind this 
hyperlipidemia is not known in detail. One study concluded that hyperlipidemia in GC-
treated patients may be partly due to GCs -induced reduction in ACTH release (Berg and 
Nilsson-Ehle., 1996). Prior studies suggest that high-dose GCs therapy is associated with a 
greater than 2.5-fold increased risk of cardiovascular events (Wei et al., 2004). 
2.4.2 Side effect of cytostatics  
 
Urotoxic side effects on the kidneys and urinary bladder are a limiting factor in 
chemotherapy with oxazaphosphorine cytostatics such as cyclophosphamide and ifosfamide 
(Brock, 1980). 
The use of most cytotoxic agents is associated with potential hypersensitivity 
reactions, and the constant increase of their administration has caused an increase in 
incidence of these adverse effects, thus becoming a relevant problem for clinicians 
( Pagani, 2010). Because cytostatics reduce cell proliferation in the gastrointestinal mucosa 
there is a decreased barrier function and an enhanced risk of developing infections caused 




A reduction in blood flow or damage to blood vessels can result in altered neuronal 
functioning and impaired cognition. It is known that chemotherapy reduces local cerebral 
blood flow (Mizusawa et al., 1988) and has a negative effect on cerebral glucose 
metabolism in patients (Silverman et al., 2006).  
Since cytostatics are aimed at the inhibition of the process of cell division, they will 
probably also affect cell proliferation in the brain if they are capable to pass the blood-brain 
barrier. It has been accepted for a long time that glial cells in the brain can divide thereby 
continuously producing new cells. More recently it has been recognized that stem cells can 
also produce new neurons which can be integrated in specific brain regions in the process 
of neurogenesis (Gould et al., 2000; Kempermann et al., 2004). 
Oxidative stress is caused by the formation of reactive oxygen species, which are 
mainly produced by the respiratory chain of mitochondria. The formation of ROS can lead 
to mutations in the mitochondrial DNA in turn leading to errors in the mitochondrial DNA 
coded proteins, altered electron transfer, and eventually again ROS generation, in a vicious 
circle (Lenaz et al., 1999).  
2.4.3 Side effect of antibodies drugs 
Administration of monoclonal antibodies carries the risk of immune reactions such as acute 
anaphylaxis, serum sickness and the generation of antibodies. In addition, there are 
numerous adverse effects of monoclonal antibodies that are related to their specific targets, 
including infections and cancer, autoimmune disease, and organ-specific adverse events 
such as cardiotoxistrip (Hansel et al., 2010). 
Although polyclonal antibodies are relatively inexpensive to produce and can be made 
in large quantities, they have a very low degree of specifistrip; only about 2% of the 
antibodies produced are specific to the immunizing antigen. Thus, their use is associated 
with a number of undesirable side effects (Smith, 2002): 




 Serum sickness resulting from the formation of complexes between anti-antibodies and 
the drug  
 Infusion-related reactions such as fever, chills, and other systemic effects.  
 Patients who receive polyclonal antibodies are at higher risk for developing infection 
and malignancy following transplantation. Skin cancers and tumors of the lymphoid 
system may develop months to years following the use of polyclonal antibodies. 
2.4.4 Side effect of drugs acting on immunophilins 
 
Patients treated with the calcineurin inhibitors CsA and tacrolimus are at high risk of 
developing renal injury (Burdmann et al., 2003). Other renal effects of the calcineurin 
inhibitors include tubular dysfunction, and rarely a hemolytic uremic syndrome, that can 
lead to acute graft loss (Kahan, 1989).  A similar pattern of renal injury from CsA is seen 
with the use of tacrolimus, thereby suggesting a drug class effect.  
Studies have demonstrated that CsA causes vasoconstriction of the afferent and 
efferent glomerular arterioles (Lanese and Conger, 1993) and reductions in renal blood 
flow and glomerular filtration rate (GFR). The exact mechanism of vasoconstriction is 
unclear, but there appears to be substantial impairment of endothelial cell function, leading 
to reduced production of vasodilators (prostaglandins and nitric oxide) and enhanced 
release of vasoconstrictors (Lamas, 2005; Lanese and Conger, 1993). 
Chronic treatment with anti-calcineurinic immunosuppressants of organ 
transplanted patients secondarily induces a diabetic state relatively frequently and with 
unfavourable outcomes including graft failure and death (Cosio et al., 2002). 
 
Calcineurin inhibitor associated renal tubular dysfunction such as renal magnesium 
wasting, calcium and phosphate wasting, distal tubular acidosis, and impaired renal 
potassium excretion, in addition to the well-known side effects, such as tubulointerstitial 





CsA statistically significantly increases blood pressure. The magnitude of increase 
in blood pressure is clinically significant and increases the risk of stroke, myocardial 
infarction, heart failure and other adverse cardiovascular events associated with elevated 
BP (Robert, 2010). Microalbuminuria is strongly associated with long-term CsA 
immunosuppression (Fiocchi et al., 2008). 
 
Leptin levels are associated with graft function and body fat in kidney allograft 
recipients. Leptin is not related to nutritional status, BMI, or bone metabolism in kidney 
allograft recipients, but is associated with the current dosage of immunosuppressants and 
the serum calcium (Malyszko et al., 2005). 
 
2.5 The kidneys 
 
2.5.1 Location and structure 
The kidneys lie on either side of the vertebral column high in the abdominal cavity at the 
level of the twelfth thoracic vertebra to the third lumbar. The left kidney is usually slightly 
higher than the right. 
The kidneys are embedded retroperitoneally in a fatty, fibrous-protected pouch. The 
kidneys are anterior-pos-teriorly compressed, lima bean-shaped organs, with the medial 
margin forming a concave hilum. The renal vessels enter and exit along this margin 
(DeGraaff, 1997). 
Each kidney is surrounded by a thin, fibrous capsule. A coronal section of the 
kidney shows two distinct regions (Figure 2.4). The outer cortex is reddish brown and gran-
ular in appearance due to many capillaries. The inner medulla is lighter in color and striped 
in appearance. The medulla is composed of 8 to 15 renal pyramids separated by renal 
columns. The apex of each pyramid projects into a calyx as the papilla. The calyces, which 
denote the beginning of the ureter, are collecting, tubular structures that transport urine to 





Figure 2.4 structure of kidney (DeGraaff, 1997) 
 
Each kidney contains approximately one million tiny structures called nephrons (Figure 
2.5). Nephrons are responsible for the processes of filtration, reabsorption, and secretion 
that go on in the kidney to form the urine product. The nephron consists of two main 
structures, a glomerulus, which is a knot of capillaries, and a renal tubule. The closed end 
of the renal tubule is enlarged and cup-shaped and completely surrounds the glomerulus. 
This portion of the renal tubule is called Bowman's capsule. In order from Bowman's 
capsule they are the proximal convoluted tubule, loop of Henle, and the distal convoluted 
tubule. Urine from many nephrons is collected in the collecting ducts, which deliver the 








2.5.2 Function of the kidney 
Formation of urine 
The kidneys form urine, which passes through the ureters to the bladder for storage prior to 
excretion. The composition of urine reflects exchange of substances between the nephron 
and the blood in the renal capillaries. Waste products of protein metabolism are excreted, 
electrolyte levels are controlled and pH (acid-base balance) is maintained by excretion of 
hydrogen ions. There are three processes involved in the formation of urine: filtration, 
selective reabsorption and secretion (Wauoh and Grant, 2006). 
Urine formation begins with the filtration of plasma from the glomerular capillaries 
into Bowman’s space. This process is termed glomerular filtration, and the filtrate is called 
the glomerular filtrate. 
It is cell-free and except for proteins, contains all the substances in plasma in virtually the 
same concentrations as in plasma; this type of filtrate is also termed an ultrafiltrate (Vander 
et al, 2001). 
Filtration is assisted by the difference between the blood pressure in the glomerulus 
and the pressure of the filtrate in the glomerular capsule (Wauoh and Grant, 2006). 
  During its passage through the tubules, the filtrate’s composition is altered by 
movements of substances from the tubules to the peritubular capillaries and vice versa. 
When the direction of movement is from tubular lumen to peritubular capillary plasma, the 
process is called tubular reabsorption, or simply reabsorption (Vander et al., 2001). Some 
constituents of glomerular filtrate (e.g. glucose, amino acids) do not normally appear in 
urine because they are completely reabsorbed unless blood levels are excessive (Wauoh and 
Grant, 2006). 
Movement in the opposite direction— that is, from peritubular plasma to tubular 
lumen— is called tubular secretion, or simply secretion (Vander et al., 2001). Tubular 





The kidneys also have endocrine functions producing and releasing erythropoeitin 
(for production of red blood cells) and vitamin-D (which regulates calcium metabolism). It 
also produces renin (in the afferent arteriole) which affects various aspects of water and 
electrolyte homeostasis (Glass and Mundy, 2005). 
2.5.3 Glomerular filtration rate 
  
The kidney performs multiple excretory and endocrine functions; the most important being 
the filtration of wastes. The filtering units of the kidney – the glomeruli – filter 
approximately 180 liters per day (125 mL/min) of plasma. The normal value for GFR 
(depending on age, sex, and body size) is approximately 130 and 120 mL/min/1.73 m
2
 for 
men and women, respectively, with considerable variation even among normal individuals 
(Stevens and Levey, 2005). The central role of GFR that the level of GFR is the best overall 
measurement of kidney function, as well as the measurement that is most easily understood 
by physicians and patients ( Stevens and Levey, 2006). 
 Unlike blood pressure or serum cholesterol levels, GFR cannot be measured 
directly. Instead, GFR is measured by the urinary clearance of an ideal filtration marker, 
Serum creatinine is the most commonly used endogenous filtration marker for estimating 
GFR. Serum creatinine is easy to measure and assays are inexpensive and widely available 
(Stevens and Levey, 2005).The most often used equations to estimate GFR are the 
Cockcroft-Gault and the Modification of Diet in Renal Disease (MDRD) Study equations 





(0.742 if female) x (1.210 if black) (Levey et al., 1999). The stages of CKD (Chronic 









Table 2.1 Chronic Kidney Disease: A Clinical Action Plan (NKF, 2002) 
 





 At increased risk ≥90 
(with CKD risk 
factors) 
Screening 
CKD risk reduction 
1 Kidney damage 
with normal or GFR 
≥90 Diagnosis and treatment 
Treatment of co morbid conditions, 
slowing progression, 
CVD risk reduction 
2 Kidney damage 
with mild GFR 
 
60-89 Estimating progression 
 
3 Moderate GFR 30-59 Evaluating and treating complications 
 
4 Severe GFR 
 
15-29 Preparation for kidney 
replacement therapy 
 
5 Kidney Failure 
 
≤ 15 (or dialysis) Replacement (if uremia present) 
 
2.6 Transplantation 
2.6.1 Types of grafts 
Transplantation is the transfer of cells, tissues, or organs from one site to another. The 
success of the transplantation is related to the degree of genetic similarity between the 
donor and the recipient. When a graft is identical or similar to the recipient, the likelihood 




 An autograft is the transfer from one site to another within an individual. For 
instance, healthy skin from one location may be moved to a burned area. An isograf t is a 
graft between genetically identical (syngeneic) individuals, such as would occur between 
monozygotic twins. In both autografts and isografts, the donor and recipient are genetically 
identical so that there is little, if any, rejection. The most common type of graft is the 
allograft, which is the transfer between two members of the same species. The degree of 
genetic difference between the two members determines the rate of rejection. Finally, 
xenografts are those between different species. Because the genetic differences are greatest 
in xenografts, the immune response is strongest, and this explains why xenografts have 
been unsuccessful to date (Sheehan, 1997). 
 
2.6.2 Renal failure and kidney transplants 
Renal failure refers to greatly diminished or absent renal function caused by the destruction 
of about 90% of the tissue in the kidney. Renal failure often results from a chronic disease 
that affects the glomerulus or the small blood vessels of the kidney. Autoimmune 
conditions, high blood pressure, and diabetes are the three chronic problems accounting for 
the majority of progressive renal failure. Once the kidneys have been destroyed, there is no 
chance they will regenerate or begin functioning again. Thus, the two main treatments are 
dialysis or a kidney transplant ( McKinley and O'Loughlin, 2011). 
 
 Renal failure can be classified as acute or chronic, acute renal failure is an abrupt 
reduction in kidney function that is characterized by oliguria and a sharp rise in nitrogenous 
compounds in the blood. The concentration of nitrogenous wastes in the blood is often 
assessed by the blood urea nitrogen (BUN) test—a high BUN result indicates failure of the 
kidneys to remove urea from the blood (Thibodeau and Patton, 1999). Chronic renal failure 
is a slow, progressive condition resulting from the gradual loss of nephrons. As kidney 





 A kidney transplant is an operation in which a person whose own kidneys have 
failed receives a new kidney to take over the work of cleaning the blood (NKF, 2013), 
many thousands of kidneys have been transplanted and with improvement in patient 
management there is a high survival rate. In the long term (5 years or more), Patients are 
partially immunosuppressed at the time of transplantation because uremia causes a degree 
of immunological no responsiveness. The therapy combination of a calcineurin inhibitor 
such as CsA, azathioprine and a GC such as prednisolone has been the mainstay for long-
term management of kidney grafts ( Delves et al., 2006). 
 Donor and recipient matching can be divided into three distinct areas: blood group 
matching, tissue type matching and cross matching. Each of these is an important aspect of 
donor and recipient matching and applies to living kidney donation and deceased kidney 
donation (RRC, 2009). 
2.6.3 Rejection of kidney allograft and treatment 
Rejection can be hyperacute (occurring within minutes), acute (occurring within days to 
weeks), late acute (occurring after 3 months), or chronic (occurring months to years after 
transplantation) (Nankivell and Alexander, 2010). 
 hyperacute rejection of the renal graft that occurs almost immediately after release 
of the vascular crossclamps is classified as hyperacute. Instead of “pinking up” as a result 
of reflecting the deposition of antibodies against HLA antigens expressed on the 
endothelium of the glomeruli and microvasculature. Activation of the classic complement 
cascade within the graft is followed by endothelial necrosis, platelet deposition, and local 
coagulation (Colvin, 2007).  In these cases, the initial organ transplantation procedure 
usually ends with removal of the graft. Improvements in crossmatching techniques that can 
better detect donorspecific antibodies before surgery have largely eliminated this problem 
(Terasaki, 2003). 
 Acute antibody-mediated rejection often begins within days after transplantation (or 
within weeks, if antilymphocyte antibody therapy was given). The main feature is rapid 
graft dysfunction due to inflammation. An anamnestic response engendered by previous 




antibodies (Terasaki, 2003). The main targets of these “recall” antibodies are MHC 
antigens displayed by the endothelium of the donor peritubular and glomerular capillaries 
(Dragun et al., 2005). Early diagnosis and treatment are essential for salvaging grafts 
undergoing acute antibodymediated rejection. Treatments include removal of antibodies by 
plasmapheresis or immunoadsorption, high-dose pulses of GCs, intravenous immune 
globulin, and antiproliferative agents (Halloran, 2004). 
 
 Acute cellular rejection is mediated by lymphocytes that have been activated against 
donor antigens, primarily in the lymphoid tissues of the recipient. Graft antigens are 
recognized by T cells and the resulting release of cytokines eventually leads to tissue 
distortion, vascular insufficiency, and cell destruction. Histologically, leukocytic infiltration 
that is dominated by equivalent numbers of macrophages and T cells is observed within the 
interstitium. The donor dendritic cells, which are also called passenger leukocytes, enter the 
circulation and function as antigen-presenting cells (APCs) (Guo, 2012). 
 Late acute allograft rejection is often severe and difficult to reverse, with a high risk 
of subsequent graft loss. Its main features are active immune inflammation and chronic 
tubulointerstitial damage, which frequently involves graft-directed antibody (Sun et al., 
2006). It can develop in graft recipients with high-grade immunity against the transplant or 
in those who receive reduced amounts of immunosuppressive therapy because of cancer, 
prior severe infection, or noncompliance (Nankivell and Alexander, 2010). 
 
 Chronic allograft rejection is currently the most prevalent cause of renal transplant 
failure. Clinically, chronic rejection presents by chronic transplant dysfunction, 
characterized by a slow loss of function, often in combination with proteinuria and 
hypertension (Joosten et al., 2005). Chronic rejections are both antibody- and cell-
mediated. The use of ISDs and tissue-typing methods has increased the survival of 
allografts in the first year, but chronic rejection remains unpreventable in most cases 
(Denton et al., 1999), chronic rejection appears as fibrosis and scarring in all transplanted 
organs, Cytokines and tissue growth factors induce smooth muscle cells to proliferate, 




immunosuppression is the cause of rejection, no accepted therapeutic strategies exist for the 
reversal of chronic rejection (Guo, 2012). 
2.6.4 Histocompatibility molecules 
Figure 2.6 shows the principal structure of the MHC, which contains the HLA genes. These 
highly polymorphic genes encode glycoproteins (MHC molecules) that enable the APCs to 
display fragments of antigens (peptides) to receptors on T cells. Most of the MHC 
molecules are either class I or class II. A major functional difference between them is that 
class I molecules present peptides derived from internal proteins (e.g., viral proteins) to 
cytotoxic CD8 T cells, whereas class II molecules present peptides derived from 
extracellular proteins (e.g., bacterial proteins) to CD4 T cells. The MHC encodes the HLA 
system (Trowsdale and Parham, 2004), and mismatches between donor and recipient HLA 
increase the risk of rejection. Grafts from HLA identical siblings survive much longer than 
HLA-mismatched grafts from siblings or unrelated donors. Differences of only a few amino 
acids within the peptide-binding site of MHC may be sufficient to provoke graft rejection 
(Nankivell and Alexander, 2010). 
 
 







2.7.1 Definition of Leptin 
Leptin (from the Greek leptos, meaning thin), It was originally identified as the gene defect 
responsible for the obesity syndrome in mice discovered in 1994 (Douchi et al., 2002). It is 
a 167-amino acid protein hormone with important effects in regulating body weight, 
metabolism and reproductive function (Cnop et al., 2002). Leptin, The genetic defect of 
ob/ob mice was first described in the 1950s as the spontaneous mutation that causes a 
severe obese phenotype due to both overeating and decreased energy expenditure. The gene 
was named ob and the obese mice carrying the mutation were called ob/ob mice (Gavrila et 
al., 2003). 
 
 The amount of leptin expressed by adipocytes is directly correlated with the lipid 
content of the cells. Once synthesized, leptin is secreted through a constitutive pathway and 
not stored in the cell (Pelleymounter et al., 1995). Leptin circulates in the blood partly free 
and rest bound to proteins. It crosses the blood brain barrier to act on the hypothalamus 
causing decreased appetite and increased metabolism (Schwartz and Seely, 1996) Leptin 
signals the brain about the quantity of stored body fat to regulate food intake (Campfeild at 
al., 1996). 
 




2.7.2 Receptor and mechanism of action 
Six isoforms of the Ob-R (a to f) have been identified, and they are closely related to the 
class I cytokine receptor family. Ob-Ra and Ob-Rb represent the dominant isoforms in the 
heart, whereas the others are expressed at low levels (Fei et al., 1997) and are not well 
conserved among species (Tartaglia, 1997). Ob-Re is the secreted form that binds 
circulating leptin and regulates the concentration of free leptin (Ge et al., 2002). 
Ob-Rs have been shown to activate Janus-activated kinase (JAK), signal transducers 
and activators of transcription (STAT), insulin receptor substrate, and the mitogen-activated 
protein kinase (MAPK) pathways. The best-characterized pathway in leptin signaling is the 
JAK/STAT pathway (Figure2.8) (Vaisse et al., 1996).  Ligand binding causes Ob-R to 
undergo homooligomerization and to bind to JAK, primarily JAK2 (White et al., 1997). 
The binding of leptin to its receptor leads to formation of the Ob-R/JAK2 complex that 
result in cross-phosphorylation. Tyr1138 on Ob-Rb is crucial for STAT3 activation, which 
stimulates SOCS3 expression that negatively inhibits leptin signaling via Tyr985 and 
additional sites on JAK2. Protein tyrosine phosphatase 1B (PTP1B) is also capable of 
inhibition of leptin signaling. JAK2 phosphorylation can lead to activation of MAPK and 
insulin receptor substrate/PI3K signaling pathways (Yang and  Barouch, 2007). 
 




2.7.4 Leptin and kidney diseases  
As a small peptide, leptin is cleared principally by the kidney. Serum leptin concentrations 
are increased in patients with chronic renal failure and those undergoing maintenance 
dialysis (Wolf et al., 2002). 
 
Very recently, it has been reported that the kidney is not only a site of leptin 
metabolism, but also a target organ for leptin action in pathophysiological states. This 
organ expresses only a small amount of the full length receptor Ob-Rb, but high 
concentrations of the truncated isoform of the leptin receptor Ob-Ra (Reitman et al., 2000). 
 
Serum leptin levels are increased in chronic renal failure (CRF) patients primarily 
due to decreased clearance by kidneys. As leptin is a 16 Kda protein, it is also not cleared 
by dialysis. However elevated serum leptin is not universally present in severe renal failure 
(Merabet et al., 1997). 
 
Elevated leptin levels are corrected after successful renal transplantation (Sharma et 
al, 1997). Leptin, insulin levels and body weight are interrelated and a direct correlation has 
been noted between insulin and leptin concentrations both in uremic and non-uremic 
patients. It has been shown that long term infusion of insulin stimulates leptin secretion in 
humans (Segal et al., 1994; Kolaczynski and Nyce, 1996).  
 
Kasiske and Crosson (1986) reported that, obese patients show increased risk of 
developing glomerulosclerosis. In particular, proteinuria and chronic kidney disease can be 
observed following unilateral nephrectomy. 
 
Meyer et al., (1997) suggested an important role of the human kidney in leptin 
metabolism. One would expect that plasma leptin levels should be markedly increased in 





Praga et al., (2000) reported that 92% of the obese patients with body mass indexes 
(BMIs) greater than 30 developed proteinuria and renal insufficiency as compared with 
only 12% of those patients with BMIs less than 30. 
 
Kaur et al., (2012) observed a positive correlation between serum leptin and BMI in 







































Subjects and Methodology  
 
3.1 Study design 
Case control study. A study that compares patients who have a disease or outcome of 
interest (cases) with patients who do not have the disease or outcome (controls), and 
compare how frequently the exposure to a risk factor is present in each group to determine 
the relationship between the risk factor and the disease, two groups match in age, sex and 
residence. 
3.2 Target population 
The target population was Patients with transplanted kidney aged over 18 years from AL-
shifa hospital- Gaza Strip, who received kidney transplanted in outside. control sample was 
healthy persons and match the experimental sample in age, sex and residence. 
 
3.3 Sample size 
The case was 65 patients aged over 18 from AL-shifa hospital who takes 
immunosuppressive therapies (combination from GC and CsA, or combination from GC 
and tacrolimus). The control sample was 65 healthy persons who were not gone on 
immunosuppressive therapies before.  
 
3.4 Exclusion criteria 
1- Patients who have kidney failure. 
2- Patients who received kidney transplant for more than 15 years. 
3.5 Inclusion criteria  
1- Patients who received kidney transplant in the last 15 years, and going on ISD therapies.  
 
3.6 Ethical consideration  
1. The necessary approval to conduct the study was obtains from Helsink committee in the 




2.  Coordination with the ministry of health was fulfilled (Annex 2).  
3. Participants were given a full explanation about the purpose of the study, and that they 
have the right to refuse participate or to drop out in any phase of the study. 
 
3.7 Tool of the study 
The questionnaire included issues about the following information: age, gender, address, 
weight, height, date of transplantation, source of kidney, type of ISD, level of CsA, fever, 
peptic ulcers, D.M, and pressure (Annex3).  
 
3.8 Specimen collection and biochemical analysis 
About 6 ml blood and urine spot were collected from each patient on the study. Blood was 
collected in a tube without anticoagulant. Then serum sample were obtained by 
centrifugation at 3000 rpm for 20 minutes. The separated serum was divided into two 
plastic tubes. One sample was stored at 2-5°C for no more than 24 hours prior to blood 
parameters analysis, and the other was stored at -70°C for leptin determination. Random 
urine samples were collected from patients for the determination of microalbumin. The 
urine samples were centrifuged by the same way as serum to precipitate all the debrises. 
About 0.5 ml of urine samples were transferred to the autoanalyzer for the detection of 
microalbumin. Similar numbers of urine and blood samples were also collected from 
healthy persons who were served as controls.  
 
3.9 Calculated measurements  
Body mass index were calculated as the ratio of body weight in Kg/height in meter square. 
People with BMI=18.5-24.9 kg/ m2 was considered to have normal weight, people with 
BMI=25.0-29.9 kg/m2 was classified overweight, people with BMI>30.0 kg/m2 was 
considered obese (WHO, 1997).  
Glomerular filtration rate was calculated by abbreviated MDRD equation: 186 x (Creat / 




Calculation of colorimetric tests for Uric acid, urea, creatinine and electrolytes were 
performed by the autoanalyzer automatically according to beer's law after calibration and 
adjustment of the photometers against water blank using a specific program of every test 
inserted to the instrument.  
 
The concentration of colorimetric test =   ΔA sample X concentration of standard  
ΔA standard 
 
3.10 Biochemical  analysis 
 
3.10.1 Determination of serum urea 
 




Urea is hydrolyzed in the presence of water and urease to produce ammonia and carbon 
dioxide. Ammonium ions react with hypochlorite and salicylate to give a green dye. The 










Phosphate buffer  










Phosphate buffer  
Sodium hydroxide 
 Sodium hypochlorite 


















Wavelength:  578 nm, 560 – 600 nm  
Optical path:  1 cm  
Temperature:  20 – 25 °C, 37 °C 
Measurement:  Against reagent blank only one reagent blank per series is required. 
1- Reagent Preparation: Mix R1 + R3 in the ratio 100 + 1.  
E.g. 20 mL R1 + 0.2 mL R3 = R1A  
2- 10 μ of Sample or standard was added to 1000 μL of R1A and mix will. 
3- The mixture was incubated for 10 min. at20-25°C or 5 min. at37 °C. 
4- Add R2 and incubate 10 min. at20-25°C or 5 min. at37 °C. 




With standard or calibrator 
Urea (mg/dl) =   ΔA sample X concentration of standard  
ΔA standard 
Reference value of serum urea 
 
(Palestinian clinical laboratory tests guide, PCLTG, 2005) 
 
Child 5 - 30 mg/dl 
 
Adult 13 - 43 mg/dl 
 
 
3.10.2 Determination of serum uric acid   
 
Serum uric acid was determined by enzymatic photometric test using TBHBA (2,4,6-
tribromo-3-hydroxybenzoic acid), using Diagnostic System Kit. 
Principle 
 
Uric acid is oxidized to allantoin by uricase. The generated hydrogen peroxide reacts with 4 





Uric acid + H2O + O2 
      
  Allantoin + CO2 + H2O2 
 
TBHBA + 4-Aminoantipyrine + 2 H2O2  
   




















Phosphate buffer pH 7.0 
 4-Aminoantipyrine K4[Fe(CN)6]  












Wavelength:   520 nm, Hg 546 nm, 500 - 550 nm 
Optical path:  1 cm 
Temperature:  20 - 25 °C / 37 °C 
Measurement: Against reagent blank 
1- Mix 4 parts of R1 with 1 part of R2 = mono-reagent. 
2- 20 μL of Sample or standard was added to 1000 μL of mono-reagent. 
3- Mix, incubate 30 min. at 20 – 25 °C or 10 min. at 37 °C. 




With standard or calibrator 






Reference value of serum uric acid   
 
(Palestinian clinical laboratory tests guide, PCLTG, 2005) 
 
Child 2.0 – 5.5 mg/dL 
 
Adult (M) 3.5 – 7.2 mg/dL 
 
Adul t(F) 2.6 – 6.0 mg/dL 
 
 
3.10.3 Determination of serum creatinine 
 
Serum creatinine was determined by kinetic test without deproteinzation according to the 
Jaffe method, using Diagnostic System Kit. 
Principle 
 
Creatinine forms a colored orange-red complex in an alkaline picrate solution. The 
difference in absorbance at fixed times during conversion is proportional to the 
concentration of creatinine in the sample. 
 
























Picric acid 20 mmol/L 
 







Wavelength: (490-510) nm 
Optical path: 1cm 
Temperature: 20 - 25 °C / 37 °C 
Measurement: Against reagent blank.   
  
1- Mix 4 parts of R1 with 1 part of R2 = mono-reagent 
2- 50 μL of Sample or standard was added to 1000 μL of mono-reagent. 
3- The Mixture was incubated for 60 sec then absorbance (A1) was recorded. 




ΔA = (A1 -A2) sample or standard 
 
Creatinine (mg/dl) =   ΔA sample X concentration of standard  
               ΔA standard 
Reference value of serum creatinine 
 
(Palestinian clinical laboratory tests guide, PCLTG, 2005) 
 
Infant 0.2 – 0.4 mg/dl 
 
Child 0.3 - 0.7 mg/dl 
 
Adult: M 0.6 - 1.2 mg/dl 
 




3.10.4 Determination of serum chloride 
 










Chloride is releasing equivalent quantities of thiocyanate from mercury (II) thiocyanate 
together with ion thiocyanate from a red color complex, whose absorbance is proportional 





















Standard 100 mmol/L 
 
Procedure 
Wavelength: 436 nm 
Optical path: 1cm 
Temperature: 20 - 25 °C / 37 °C 
Measurement: Against reagent blank 
1- 10 μL of Sample or standard was added to 1000 μL of reagent. 
2- Mix, and incubate for 5 min. and read absorbance against reagent blank. 
 
Calculation 
With standard or calibrator 
Chloride (mmol/L) =   ΔA sample X concentration of standard  
            ΔA standard 
 









3.10.5 Determination of serum potassium  
 
Serum potassium was determined by photometric test using sodium tetraphenylboron, using 




The amount of potassium is determined by using sodium tetraphenylboron in a specifically 
prepared mixture to produce a colloidal suspension. The turbidity of which is proportional 




1. Potassium Reagent: Sodium Tetraphenylboron 2.1 mM, preservatives and thickening 
agents. 
 2. Potassium Standard: Equivalent to 4mEq/L. 
 
Procedure 
Wavelength: 620 nm 
 Temperature: RT 
 Incubation: 5min 
Optical path: 10mm 
 
1- Add 0.01 mL (10 μl) of samples to 1.0 mL of Potassium Reagent.  
2- Mix and let sit at room temperature for5 minutes. 
3- Read the absorbance at 620nm against reagent blank immediately. 
 
Calculation 
With standard or calibrator 
Potassium (mEq/L) =   ΔA sample X concentration of standard  





Reference value of serum potassium 
 
Palestinian clinical laboratory tests guide, PCLTG, 2005) 
 
 




3.10.6 Determination of serum sodium 
 
Serum sodium was determined by enzymatic, 2 point kinetic (fixed time) (Berry, 1988), 




Sodium is determined enzymatically via sodium dependent β-galactosidase activity with 
ONPG (o-Nitrophenyl-β-D-glycosideas) substrate. The absorbance at 405 nm of the 




Reagent Component Concentration 
R1 
 
Good’s buffer (pH 8.5) 
Cryptand  
Proclin300  
















Wavelength: 405 nm 
Temperature: 37°C  
Incubation: 5min 




2- Sample: 8 μl 
3- Reagent 2: 100 μl 
4- 1st Reading: after 2 minutes 
5- 2nd Reading: after 3 minutes 




Sodium (mmol/L) =   ΔA sample X concentration of standard  
      ΔA standard 
 
Reference value of serum sodium 
 
Palestinian clinical laboratory tests guide, PCLTG, 2005) 
 
 
Sodium level 135 – 145 mmol/L. 
 
 
3.10.7 Determination of serum leptin  
 
Determination of human serum leptin level was carried out by competitive enzyme 




The DSL-10-23100 ACTIVE Human Leptin ELISA is an enzymatically amplified 
"twostep" sandwich-type immunoassay. In the assay, standards, controls and unknown 
serum or plasma samples were incubated in microtitration wells, which have been coated 
with anti-human leptin antibody. After incubation and washing, the wells were treated with 
another anti-human leptin detection antibody labeled with the enzyme horseradish 




with the substrate tetramethylbenzidine (TMB). An acidic stopping solution was then added 
and the degree of enzymatic turnover of the substrate was determined by dual wavelength 
absorbance measurement at 450 and 620 nm. The absorbance measured was directly 
proportional to the concentration of human leptin present. A set of human leptin standards 
was used to plot a standard curve of absorbance versus human leptin concentration from 
which the human leptin concentrations in the sample can be calculated. The assay 





Annabel all specimens and reagents to reach room temperature and mix thoroughly before 
use.  
1. Twenty five micro-litters of the standards, controls and samples were pipetted into the 
appropriate wells. 
2. One hundred micro-litters of the assay buffer E were added to each well using a semi-
automatic dispenser. 
3. Incubate the wells, shaking at a fast speed (500-700 rpm) on an orbital micro-plate 
shaker, at room temperature (-25 °C) for 2 hours. 
4. Aspirate and wash each well 5 times with the wash solution using an automatic micro-
plate washer. Blot dry by inverting plate on absorbent material. 
5. The antibody-enzyme conjugate solution was prepared by diluting the antibody enzyme 
conjugate concentrate in the assay buffer. 
6. One hundred micro-litters of the antibody-enzyme conjugate solution added to each well 
using a semi-automatic dispenser. 
7. The wells were incubated, snaked at a fast speed (500-700 rpm) on an orbital micro-
plate shaker, at room temperature (-25 °C) for 1 hour. 
8.  Aspirate and wash each well 5 times with the wash solution using an automatic micro-    




9. One hundred micro-litters of the TMB chromogen solution was added to each well 
using a semi-automatic dispenser. 
10. Incubate the wells, shaking at a fast speed (500-700 rpm) on an orbital micro-plate 
shaker, at room temperature (~25°C) for 10 minutes. Avoid exposure to direct sunlight. 
11. One hundred micro-litters of the stopping solution (0.2M sulfuric acid) added to each 
well using a semi-automatic dispenser. 
12. The absorbance of the solution in the wells was read within 30 minutes, using a micro-




A. The mean absorbance for each standard, control and samples were calculated. 
B. Plot the log of the human leptin concentrations in ng/mL along the x-axis versus the 
mean absorbance readings for each of the standards along the y-axis versus, using a linear 
curve-fit. Alternatively, the data can be plotted linear vs. linear and a smoothed spine 
curve-fit can be used. 
C. Determine the human leptin concentrations of the controls and samples from the 
standard curve by matching their mean absorbance readings with the corresponding 
human leptin concentrations. 
 
3.11 Determination of urine microalbumin 
 




The microalbumin- turbilatex quantitative turbomrtric test is used for measurement 
microalbumin (μ ALB) in human urine. 
Latex particles coated with specific human anti-human albumin are agglutinated when 




dependent upon the μ ALB contents of the patient sample that can be quantified by 




Reagent Component Concentration 
R1 (Diluent) 
 








R2 (Latex) Suspension of latex particles 



















Wavelength:  600 nm 
 Temperature: 37°C 
Optical path: 1 cm 
1- Pipette into cuvette: 
 
 Calibrator Sample Blank 
Working reagent (μl) 500 500 500 
Calibrator (μl) 2 - - 
Sample (μl) - 2 - 
Diltilled water (μl) - - 2 
 









 ΔA = (A1 -A2) sample or standard 
 
μ ALB (mg/dl) =   ΔA sample X concentration of standard  
      ΔA standard 
 
 
Reference value of urine microalbumin 
  
 
Up to 15 mg/L. 
 
 
3.12 Pilot study 
 
Pilot study on 10 patients who had gone on ISDs was carried out prior the beginning of data 
collection in order to test the validity and reliability of the questionnaire used. 
Comprehensive revision to it was mad and modified as necessary.  
 
3.13 Data analysis 
 
Data were analyzed using a software Statistical Package of Social Sciences (SPSS) system 
version 18.0. Frequency and descriptive analyses were used to describe the data. Chi square 
and Pearson correlation coefficient were used to test the relationship between the variables; 
t-test was also used to differentiate between two numerical data. Any difference was 
considered significant if p value less than 5%.  













The present study was a case control included 130 samples (65 patients and 65 controls). 
The average age ± SD of the controls were 40.05±11.6 years whereas it was 40.14±11.73 
years of the patients. The controls also matched the patients in residence and sex. 
 
4.1 Distribution of the population by governorates of the Gaza strip 
 
Figure (4.1) shows the distribution of the study population by governorates of the Gaza 
Strip. The number of the patients in Gaza, North and Mid. zone were 31 (47.7%), 22 




Figure 4.1 Distribution of the study population by area 
 
4.2 General characteristics of the study population  
4.2.1 Age  
 
Figure (4.2) shows the distribution of the study population by age. The mean ± (SD) of the 
participants was 40.14±11.73 years for the cases and 40.05±11.6 years for the controls. The 
number of age ranged from 19 to 29, 30 to 39, 40 to 49, 50 to 59 and 60 to 69 years. Where 
the percentage of the patients were 13 (20.0%), 17 (26.2%), 22 (33.8%), 8 (12.3%) and 5 
(7.7%) respectively and the percentage of the controls were 13(20.0%), 17(26.2%), 


















Figure 4.2 Distribution of the study population by age 
 
4.2.2 Gender 
Figure (4.3) shows the distribution of the study population by gender. The percentage of the 















































4.2.3 Occupational status 
 
Figure (4.4) shows the distribution of the study population by occupational status. The 
percentage of employers among the patients were 17 (26.2%) and 42 (64.6%) among the 
controls. The percentage of un-employers among the patients were 48 (73.8%) and 23 




Figure 4.4 Distribution of the study population by occupational status 
 
 
4.2.4 Body mass index 
 
Table (4.1) and figure (4.5) demonstrate different classes of BMI of the patients and the 
controls. The number of normal, overweight and obese patients were 24 (36.9%), 30 
(46.2%) and 11 (16.9%) respectively, whereas the controls were 21 (32.3%), 35 (53.8%) 
and 9 (13.8%) respectively. There was no statistical significant between different groups 


















Table 4.1 Different classes of BMI of the study population 
 
BMI 
Patient Control Total X2 P- value 







Normal 24 36.9% 21 32.3% 45 34.6% 
Overweight 30 46.2% 35 53.8% 65 50.0% 
Obese 11 16.9% 9 13.8% 20 15.4% 
 




Figure 4.5 Distribution of the study population by BMI 
  
4.3 General characteristics of the patients 
 
4.3.1 Duration of the transplantation 
 
Table (4.2) shows the distribution of the patients’ transplantation duration. The patients 
with transplanted kidney for less than 5 years were 31 (47.7%), whereas those with 5 to 10 
 P      C 
Normal 
P      C 
Overweight  
P      C 










years kidney transplantation duration were 28 (43.1%). The rest of the patients were 6 
(9.2%) had transplanted kidney for less than 15 years. 
 
Table 4.2 Distribution of kidney transplantation duration (n=65) 
 
Duration Frequency Percentage 
< 5 years 31 47.7% 
5—10 years 28 43.1% 
> 10 years 6 9.2% 
Total 65 100% 
 
4.3.2 Source of transplantation kidney 
 
Table (4.3) shows the distribution of kidney transplantation source. The patients who 
received kidney from relatives were 25 (38.5%), whereas the patients who received kidney 
from foreign donors were 40 (61.5%). 
 
Table 4.3 Distribution of kidney transplantation source 
 
Source Frequency Percentage 
Relative 25 38.5% 
Foreign 40 61.5% 






4.3.3 Type of ISDs drugs 
 
Table (4.4) shows the distribution of patients ISDs types. The patients who had taken CsA 
were 47 (72.3%), whereas the patients who had taken tacrolimus were 18 (27.7%). 
 
Table 4.4 Distribution of patients ISDs types 
 
Type Frequency Percentage  
Cyclosporine A  47 72.3% 
Tacrolimus 18 27.7% 
Total 65 100% 
 
 
4.3.4 Dosage of Cyclosporine  A 
 
 Table (4.5) shows the distribution of CsA dosage. Dosage of CsA among the patients 50, 
75, 100 and 125 mg/kg were 4(8.5%), 24 (51.1%), 16 (34.0%) and 3 (6.4%) respectively. 
 


















Dosage of Cyclosporine  
mg/kg 
Frequency Percentage  
50 4 8.5% 
75 24 51.1% 
100 16 34.0% 
125 3 6.4% 




4.3.5 Self-reported complications 
 
Table (4.6) summarizes the main self-reported complications among the patients. The 
percentage of high blood pressure (BP), DM, fever and peptic ulcer were 41 (63.1%), 11 
(16.9%), 2(3.1%) and 6 (9.2%) respectively. whereas in the controls no one had these 
complication. 
 
Tables 4.6   The main self-reported complications among the patients (n=65) 
 
complication  Frequency Percentage 
hypertention (BP) 
Yes 41 63.1% 
No 24 36.9% 
DM 
 
Yes 11 16.9% 
No 54 83.1% 
Fever 
Yes 2 3.1% 
No 63 96.9% 
Peptic ulcer 
Yes 6 9.2% 
No 59 90.8% 
 
4.3.6 Level of Cyclosporine  
   
Table (4.7) shows the distribution of CsA levels in the patients. The number of patients 
within the normal rang were 2 (4.3%) whereas the patients above normal rang were 41 
(87.2%). 
Table 4.7 Percentage of CsA level in the patients 
 
Cyclosporine Level (ng/ml) Frequency Percentage  
Normal - 150 -300 2 4.3% 
More than 300 41 87.2% 
Missing 4 8.5% 




4.4 Serum analysis 
 
4.4.1 Serum urea, uric acid and creatinine of the study population 
 
Table (4.8) points out that the mean serum urea concentration were significantly increased 
in the patients compared to the controls (51.2±28.0 vs. 33.0± 6.4 mg/dl. t=5.088, p=0.000). 
Similar trend was found for uric acid (5.77±1.3 vs. 4.86±1.3 mg/dl .t=3.825, p=0.000). Also 
similar trend was found for creatinine (1.59±0.89 vs. 0.97±0.182 mg/dl. t=5.430, p=0.000). 
 









Patients 51.22 28.05 5.088 0.000* 
Control 33.06 6.43 
  
Uric acid 
Patients 5.77 1.392 3.825 0.000* 




Patients 1.590 0.892 5.430 .0000* 
Control 0.977 0.182 
  
*Statistically significant  
 
Table (4.9) shows the percentage of serum urea, uric acid and creatinine in the patients and 










Table 4.9 Percentage of Serum urea, uric acid and creatinine in the study population 




Patient Control Total X2 
P- 
value 




Normal  (13 – 43) 34 52.3% 62 95.4% 96 73.8% 
31.225 0.000* 
More than 43 31 47.7% 3 4.6% 34 26.2% 
 
Uric acid 
Less than 2.4 0 0.0% 3 4.6% 3 2.3% 
6.695 0.035* Normal (2.4 - 6) 39 60.0% 47 72.3% 86 66.2% 
More than 6 26 40.0% 15 23.1% 41 31.5% 
 
Creatinin 
Normal (0.6 - 1.1) 16 24.6% 56 86.2% 72 55.4% 
49.81 0.000* 
More than  1.1 49 75.4% 9 13.8% 58 44.6% 
*Statistically significant  
 
4.4.2 Serum electrolytes of the study population  
 
Table (4.10) points out that the mean serum Na concentration were significantly decreased 
in the patients compared to the controls (138.07±4.34 vs. 140± 3.04 mEq/L. t=-3.973, 
p=0.000). Similar trend was found for K (4.07±0.48 vs. 4.24±0.45 mEq/L. t=-2.078, 













Group Mean SD t-test P- value 
Na 
Patients 138.07 4.34 -3.973 0.000* 
Control 140.69 3.04   
Cl 
Patients 95.67 13.19 -0.679 0.499 
Control 96.83 3.71   
K 
Patients 4.07 0.48 -2.078 0.040* 
Control 4.24 0.45 
  
 
Table (4.11) shows the percentage of Serum Na, Cl and K in compared with normal rang, 
which supports the results in table (4.10), but different results for Cl. 












Less than 135 10 15.4% 1 1.5% 11 8.5% 
9.782 0.008* Normal (135 - 145) 55 84.6% 62 95.4% 117 90.0% 
More than 145 0 0.0% 2 3.1% 2 1.5% 
Cl 
 
Less than 98 33 50.8% 20 30.8% 53 40.8% 
6.171 0.046* Normal (98 - 110) 30 46.2% 44 67.7% 74 56.9% 
More than 110 2 3.1% 1 1.5% 3 2.3% 
K 
 
Less than 3.5 8 12.3% 1 1.5% 9 6.9% 
5.84 0.016* 




4.4.3 Serum leptin analysis of the study population 
 
Table (4.12) demonstrates the mean level of serum leptin in the study population. Serum 
leptin was increased in the patients compared to the controls (9.37±11.72 vs. 7.41±9.45 
ng/mL. t=1.050, p=0.000). 





Group Mean SD t-test P- value 
Leptin 
patients 9.3785 11.72863 
1.050 0.000* 
Control 7.4154 9.45832 
 
 
Table (4.13) demonstrates the mean level of serum leptin in the males and the females 
according to BMI in study population. The males within the normal rang in the study 
population according to BMI categories normal, overweight and obese. In the male 
patients, leptin levels were (1.86, 5.91 and 17.53 ng/mL respectively), and in the male 
controls, leptin levels were (2.27, 3.80 and 7.76 ng/mL respectively). On the other hand, in 
the female patients leptin levels were (12.76, 16.70 and 20.93 ng/mL respectively) and in 
the female controls leptin levels were (6.26, 18.11 and 23.80 respectively). 
 




 (ng/mL)  
Control 
 (ng/mL)  
Normal Rang 
(ng/mL) 
M F M F M F 
Normal ( 18.5 --24.9) 1.86 12.76 2.27 6.26 (0.5-3.2) (0.5-7.9) 
Overweight ( 25-29.9) 5.91 16.70 3.80 18.11 (0.5-14.6) (4.1-14.5) 
Obese - >=30 





4.5 Urine analysis 
 
4.5.1 Microalbumin analysis of the study population 
 
Table (4.14) demonstrates the mean level of microalbumin in the controls and the patients. 
Serum microalbumin was increased in the patients mean level compared to the controls 
mean level (64.2±42.7 vs. 15.16±15.75. t=8.67, p=0.000). 
Table (4.15) shows the percentage of microalbumin in the patients and the controls 
compared with normal rang, which supports the results in table 4.14 (X2=56.8, p=0.000). 
 








Patients 64.2 42.7 
8.67 0.000* 









Patient Control Total X2 
P- 
value 





Normal ( 0 - 15 ) 11 16.9% 54 83.1% 65 50.0% 










4.5.2 Glomerular filtration rate of the study population 
  
Table (4.16) illustrates mean level of GFR in the study population, GFR was decreased in 
the patients mean level compared to the controls mean level (57.53±18.9 vs. 86.36±14.78. 
t=-9.68, p=0.000). 
Table (4.17) shows the percentage of GFR in the study population compared with normal 
rang, which supports the results in table 4.15 (X2=21.28, p=0.000). 
 
Table 4.16 Mean level of GFR in the study population 
 
Variable Group Mean SD t-test P- value 
GFR 
(mL/min/1.73 m2) 
Patients 57.53 18.90 
-9.68 0.000* 
Control 86.36 14.78 
 
 




Patient Control Total X2 P- value 





















4.6 Leptin relation 
 
4.6.1 Serum leptin compared to age, BMI and duration of transplantation 
 
Table (4.18) illustrates the relation between serum leptin level and age, BMI and duration 
of kidney transplantation. The correlation test showed positive significant correlation 




found between leptin level and age and duration of transplantation (R=0.024, p=0.785 and 
R=0.100, p=0.430). 
 








Age 0.024 0.785 
BMI 0.458 0.000* 
Duration 0.100 0.430 
 
4.6.2 Serum leptin compared to glomerular filtration rate 
 
The correlation test showed negative significant correlation between leptin level and GFR 
(R=-0.223, p=0.011).  
 
4.6.3 Serum leptin and gender 
 
Table (4.19) demonstrates the mean level of serum leptin in the males and the females, 
serum leptin mean level was increased in the females compared to the males mean level 
(15.6±12.6 vs. 5.18±7.75 t=-5.76, p=0.000). 
 
Table 4.19 Mean level of serum leptin in male and female 
 
Variable Group N Mean SD t-test P- value 
Leptin 
Male 130 5.18 7.75 5.76- 
0.000* 






4.7 Comparison between effect of Cyclosporine A and tacrolimus 
 
Table (4.20) shows comparison between effect of CsA and tacrolimus. The results point out 
that urea, uric acid, creatinin and microalbumin concentration were significantly increased 
in patients who had taken CsA compared to patients who had taken tacrolimus (57.18, 5.99, 
1.74 and 71.49 vs. 35.66, 5.99, 1.72 and 44.0 respectively; t=2.92, p=0.005, t=2.13, 
p=0.036, t=2.008, p=0.049 and t=2.44, p=0.017 respectively). The mean of GFR were 
significantly decreased in patients who had taken CsA compared to patients who had taken 
tacrolimus (t=-2.54, p=0.014) 











T - test 
P – 
value 
Urea 57.18 30.52 35.66 9.31 2.926 0.005 
Uric acid 5.99 1.41 5.19 1.17 2.138 0.036 
Creatinin 1.72 1.01 1.23 0.22 2.008 0.049 
Na 137.74 4.64 138.94 3.42 -0.996 0.323 














Leptin 9.07 12.01 10.18 11.22 -0.340 0.735 

















5.1 General characteristic of the study population 
 
In this study the target patients were 65 with transplanted kidney from Gaza 31 (47.7%), 
North 22 (33.8%) and Mid. zone 12 (18.5%). The mean age of the patients was 
40.14±11.73 years, it was reported that GFR declines usually beginning after 30–40 years 
of age, the rate of decline may accelerate after age 50–60 years ( Glassock and Winearls, 
2009). 
Patients with transplanted kidney for less than 5 years were 31 (47.7%), whereas 
those with transplanted kidney duration between 5 to 10 years were 28 (43.1%). The rest of 
the patients 6 (9.2%) had transplanted kidney for less than 15 years. 
Patients who received kidney from relatives were 25 (38.5%), whereas patients who 
received kidney from foreign donors were 40 (61.5%). Patients who had taken combination 
of CsA and GCs were 47 (72.3%), whereas patients who had taken combination of 
tacrolimus and GCs were 18 (27.2%).  
 
5.2 Kidney transplantation and gender 
 
 The present data showed the number of the males 45 (69.2%) and the females 20 (30.8%). 
Men exhibit a more rapid age-related decline in renal function than women and several 
renal diseases appear to be gender-dependent (Silbiger and Neugarten, 1995; Neugarten et 
al., 2000). A role for sex hormones to induce renal damage stems from studies in which 
aging male rats develop proteinuria and glomerulosclerosis, whereas female and estrogen-
treated male rats are resistant to disease progression (Baylis, 1994; Joles et al., 1996). There 
is previously published evidence that male gender is associated with a more rapid rate of 






 5.3 Immunosuppressive drugs and body mass index 
 
The BMI is the ratio of weight to height in meter squared. It is often used to assess weight 
status because it is relatively easy to measure and it correlates with body fat (Whitlock et 
al., 2005). 
Obesity, defined as a body mass index (BMI) > 30 kg/m2 (WHO, 1997). Obesity is 
commonly present in patients undergoing renal transplantation (Pischon and  Sharma, 
2001). However in the present study, there was no statistical significant in patients compare 
to controls with aspect to BMI (p > 0.05). 
This finding disagrees with many other studies ( Pischon and  Sharma, 2001; kopaei 
et al., 2012), and requires further investigations. 
 
5.4 Immunosuppressive drugs and Self-reported complications  
 
In the present study patients show self-reported complications, 63% of the patients had 
hypertension. Clinical use of CsA there is commonly associated with serious side effects 
such as nephrotoxistrip and arterial hypertension (Cortesini, 2004). Hypertension is 
reported in as many as 50 to 70% of patients undergoing renal, hepatic or heart transplants 
treated with Cyclosporine e (Porter et al., 1990). GCs-induced hypertension is a common 
clinical problem that is poorly understood (Goodwin and Geller, 2012). The clinical utility 
of tacrolimus is complicated by substantial hypertension and nephrotoxistrip (Takeda, 
1999).  
The incidence of post transplantation diabetes mellitus, has been reported to vary 
according to different study populations. In this study 16.9% of patient had diabetes. New 
onset diabetes mellitus after transplantation (NODAT) is a well-known complication 
following solid organ transplantation and has been reported to occur in 4% to 25% of renal 
transplant recipients (Davidson et al., 2003; Baid et al., 2001). Risk factors for developing 
diabetes after transplantation immunosuppressive therapy include corticosteroids and the 
calcineurin inhibitors tacrolimus and to a lesser extent CsA (Pham et al., 2007). Starlz was 
the first described the now well-established contributory role of corticosteroids in NODAT 




tacrolimus is much higher than that of CsA in the early post transplantation period (Montori 
et al., 2002; Knoll and Bell, 1999). Tacrolimus inhibits the transcription of the insulin gene 
(Tamura et al., 1995; Morrisett et al., 2002). 
 
Fever is common in patients who are immunocompromised. The cause is usually an 
infection, which may be difficult to diagnose (Pizzo, 1999). In the present study 3.1% of 
patients had fever, this result similar to that obtained by McEvoy (2008). 
 
In this study 9.2% of the patients had peptic ulcer, where immunosuppressive 
medications are associated with some form of gastrointestinal  complication .The majority 
of these complications fall into one of several general categories: infections, mucosal injury 
and peptic ulcer, biliary tract diseases, pancreatitis, and malignanc ( Helderman and Goral, 
2002). The use of systemic GCs is associated with gastrointestinal side effects including 
gastritis, peptic ulceration, and gastrointestinal hemorrhage. Although GC have been shown 
to increase the risk of peptic ulceration and gastrointestinal bleeding (Gabriel et al., 1991). 
 
5.5 Level of Cyclosporine A 
 
Monitoring levels of CsA showed how well patients are absorbing anti-rejection 
medication. Medication dose is adjusted according to the blood level. A high level can be 
harmful to transplanted kidney and a low level may lead to rejection. Patients will be 
measured level of drug often for the rest of their life. In Gaza strip CsA level measured in 
El-remal clinic once monthly. 
   The findings showed that number of patients within the normal rang were 2 (3.1%) 
whereas the patients above normal rang were 41 (87.2%). Many patients who have 
developed side effects such as nephrotoxistrip have remained free of rejection when the 








5.6 Serum urea, uric acid and creatinine of target population  
 
Urea is major end product of nitrogen metabolism in mammals, and its transport in kidney 
plays an important role in urinary concentration (Hediger et al., 1996). Increased blood urea 
is seen associated with kidney disease or failure (Kakadiya and Shah, 2010). 
Uric acid is the end-product of purine nucleotide metabolism in humans that is 
primarily excreted via the urine (Sautin & Johnson, 2008). Hyperuricemia is associated 
with renal disease (Kang et al., 2002). Creatinine is a waste product of creatine, an 
important energy storage substance in muscle metabolism. Serum creatinine concentration 
increases in the presence of impaired renal function (Kakadiya and Shah, 2010). 
Serum urea, uric acid and creatinine level were significantly higher in patients than 
controls. These findings were in agreement with Vasanthi, and Parameswari (2012). Results 
also showed that CsA caused a marked increase in the levels of urea, uric acid, and 
creatinine in serum. Similar finding was documented by  Bagnis et al., (2002). Clinically, 
nephrotoxistrip induced by tacrolimus is often inferred based on an increase in serum 
creatinine or blood urea (McCauley et al., 1991; McDiarmid et al., 1993). Both of CsA and 
tacrolimus of the treatment regimens showed progressively increasing serum uric acid 
levels ( Kanbay et al., 2005). Kidney function testing is therefore essential for monitoring 
the transplanted kidney that affected by ISDs. 
 
5.7 Serum electrolyte of target population 
 
Dissolved electrolytes, such as sodium, potassium, calcium, magnesium, and chloride, act 
as ions within the body and are classified by their ionic charge, contributing to acid base 
balance and promoting proper enzymatic functioning and metabolism (Kaplan and Frangos, 
2005 as Morgan, 2005). 
In this study levels of sodium and potassium significantly decreased among the 
patients comparing to the controls, but chloride level not affected. Sodium results were in 
agreement with other study who reported that hyponatremia associated with CsA and 




Hyperkalemia is a recognized complication of Cyclosporine e and tacrolimus (Kaplan et al., 
1996; Kim et al., 2004; Lee and Kim, 2007). An elevation in plasma potassium 
concentration due to reduced efficiency of urinary potassium excretion is common in 
calcineurin inhibitor-treated patients (Deray et al., 1992; Kamel et al., 1992). In a study 
comparing CsA and tacrolimus in renal transplant recipients, Higgins et al., (2004) showed 
that hyponatremia and hyperkalemia were more common with tacrolimus compared to 
CsA.  
Hypokalemia found in this study among the patients could be due to GCs treatment. 
Hypokalemia and hypernatremia are main side effects of GCs (Werner, 2005).  
 
5.8 Serum leptin analysis of patients and controls 
 
Leptin is produced by adipose tissue and is presumed to be involved in the regulation of 
appetite and energy balance. The kidneys are involved in the inactivation of circulating 
leptin, and elevated plasma leptin concentrations were reported in uraemic patients. 
However, GCs as used in transplanted patients stimulate leptin secretion (Kokot et al., 
1998). 
In the present study the serum leptin concentration of the kidney transplantation 
group was significantly higher than that of the control group. This finding was in 
agremment with Kokot et al., 1998; Oosawa et al., 1998; Kagan et al., 2002; Malyszko et 
al., 2005. 
Leptin levels are associated with graft function and body fat in kidney allograft 
recipients. Leptin is not related to nutritional status, BMI, or bone metabolism in kidney 
allograft recipients, but is associated with the current dosage of immunosuppressants and 
the serum calcium (Malyszko et al., 2005). 
 
 
5.9 Microalbumin analysis of patients and controls 
 
Microalbuminuria is defined as urinary albumin excretion of 30-300 mg/day (Koroshi, 
2007). At these levels, standard dipsticks do not detect albumin in the urine, and specific 




2004). Microalbuminuric patients were characterized by higher systolic blood pressure and 
a higher frequency of acute rejection. Acute rejection was found in 45.7% of the 
microalbuminuric patients as compared to 17.2% of normoalbuminuric individuals (Reichel 
et al., 2004). 
Microalbumin was progressively increased in the patients comparing with the 
controls in this study, in agreement with Halimi et al., (2001) in the long run. However, 
microalbuminuria or proteinuria are more frequent in allograft recipients that in the normal 
population. The presence of low-grade proteinuria or microalbuminuria early after 
transplantation must be taken into account to choose adequate immunosuppressive and 
antihypertensive medications (Halimi, 2013). 
CsA patients showed progression to microalbuminuria (Parving et al., 1999). 
Microalbuminuria was present significantly in cortisol metabolism (Janssen, 2008). 
 
5.10 Glomerular filtration rate of patients and controls 
 
GFR were progressively decreased in the patients comparing with the controls in this study. 
Many studies showed similar results. The Cyclosporine e-treated patients showed 
significant decreases in GFR (Laskow et al., 1990). CsA causes vasoconstriction of the 
afferent and efferent glomerular arterioles and reductions in renal blood flow and (GFR) 
(Lanese and Conger, 1993). 
Long-term treatment with tacrolimus experienced only small changes in GFR over 
time (Corman et al., 2006). However GCs had different effects on GFR, GCs vasodilate 
both the preglomerular and efferent resistances and result in an increase in glomerular 
plasma flow, which is the sole factor responsible for the increase in GFR (Baylis et al., 
1990). 
5.11 Serum leptin compared with BMI, sex, age, and duration of kidney 
transplantation 
 
The finding that leptin showed significant positive correlation with BMI, was in agreement 
with many other studies (Kokot et al., 1998; Kagan et al., 2002; Tungtrongchitr et al., 2000; 




normal-weight adults. Elevations of serum leptin concentrations were most closely 
correlated with the percentage of body fat (Mercer et al., 1996). 
 In addition, leptin showed significant positive correlation with sex. The females 
seem to have higher leptin levels than the males, which results was in agreement with many 
other studies (Tungtrongchitr et al., 2000; Zabut et al., 2007; Bahathiq, 2010; kopaei et al., 
2012). Our results showed that women had higher leptin levels than men. This might be 
because of their different body fat distribution or the inducing effects of estrogen 
progesterone combined with the suppressive effect of androgens on leptin (Hickey et al., 
1997; Shimizu et al., 1997). In contrast, there was no significant correlation found between 
serum leptin and age of the study population. Similar results were found by Kopaei et al., 
(2012). Also, there was no significant correlation found between serum leptin and duration 
of transplantation. Similar results were found by Kagan et al., (2002). However, Kopaei et 
al., (2012) found that there was an inverse association between serum leptin and duration of 
renal transplantation. 
 
5.12 Serum leptin compared to glomerular filtration rate 
 
As indicated in the present study, leptin showed significant negative correlation with GFR. 
This confirmed recent findings in other studies that reported by Nordfors et al., 1998; Hanai 
et al., 2011. It has been suggested that endogenous leptin is rapidly cleared from the 
circulation by the kidney by glomerular filtration followed by metabolic degradation in the 
renal tubules (Cumin et al., 1996).  
 
5.13 Comparison between effect of Cyclosporine A and tacrolimus  
 
In the present study, CsA treated patients showed significant increase in urea, uric acid, 
creatine and Microalbumin levels, and significant decrease in GFR levels compared with 
tacrolimus treated patients. Similar results were found by Pilmore et al., (2001) who found 
that serum urate levels are higher in CsA -treated subjects than tacrolimus treated subjects. 
White et al., (2005) reported that conversion from CsA to tacrolimus resulted in decreases 




renal function (GFR) deteriorated progressively under CsA, it stabilised and even improved 
under tacrolimus, creatinine and uric acid level significantly lower under tacrolimus. 
 That’s mean patients receiving tacrolimus were at lower risk of graft loss compared 
with those receiving CsA, but the difference did not reach statistical significance ( Roy, 
2003). Tacrolimus is superior to CsA in improving patient survival, graft survival, and in 
preventing acute rejection after liver transplantation, but increases post-transplant diabetes 


























Conclusions and Recommendation 
 
6.1 Conclusions  
 
1. Several renal diseases and kidney transplantation appear to be gender-dependent, 
associated with males more than females. 
 
2. Kidney disease affected by age, GFR declines usually beginning after 30–40 years 
of age, and the rate of decline may accelerate after age 50–60 years. 
 
3. The main Self-reported complications among the patients were hypertension, 
diabetes mellitus, peptic ulcer and fever. 
 
4. Levels of Cyclosporine e in most patients was above normal rang (87.2%).  
 
5. Serum urea, uric acid and creatinine, were significantly higher in patients compared 
to controls. That’s meant transplanted kidney affected by ISDs. 
 
6. Electrolyte imbalances associated with ISDs. 
 
7. Serum leptin concentration of the kidney transplantation group was significantly 
higher than that of the control group. 
 
8. Microalbumin was progressively increased in patients comparing with controls. 
 
9. GFR were progressively decreased in patients comparing with controls. 
 
10. Leptin showed significant positive correlation with sex, BMI and GFR among the 
patients. 
 
11. Patients receiving tacrolimus were at lower risk of graft loss compared with those 










1. Monitoring level of Cyclosporine e is important to avoid toxistrip of medication. 
 
2. Kidney function test is essential for monitoring the transplanted kidney that affected by 
ISDs. 
 
3. Tacrolimus is recommended for patients with kidney transplantation. It leads to 
stabilize and improve of transplanted organ. 
 
4. Leptin level is important to monitor kidney survival. 
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The aim of theism research to study effect of immunosuppressive drugs on kidney function among 






1- Date of kidney transplant------------------------------ 
2- Source of transplanted kidney------------------------ 
3- Types of immunosuppressive drugs--------------- 
Dosage:------------------------------------------------ 
Blood level of Cyclosporine e:------------------------ 
4- Self-reported complication (Yes, or No) 
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